Insecticide based interventions for vector control are the main planks of the anti-malaria campaign in India and have so far remained largely effective for disease management. DDT was the first insecticide to be used in India for indoor residual spraying during 1950s with tremendous success[@ref1] and is still in use in many areas. *Anopheles culicifacies* is the major vector of malaria in the plains and is responsible for transmission of about 65 per cent malaria cases reported in the country. *An. fluviatilis* is another important vector responsible for transmission of malaria in foot hills and forested region[@ref2]. Due to development of DDT-resistance in *An. culicifacies*, in some areas, DDT was replaced by malathion during 1970s, and subsequently with synthetic pyrethroids during 1990s in certain areas where *An culicifacies* species developed widespread resistance to both DDT and malathion[@ref3]--[@ref5].

Development of insecticide resistance in malaria vector has been a major impediment for successful use of the insecticide for effective vector control. Due to limited availability of insecticides, the only viable option left for effective vector control is management of existing resistance in vectors by judiciously using the insecticides and rotating them to maintain their effectiveness.

Therefore, a study was undertaken to evaluate the impact of indoor residual spraying with alternate insecticide under supervision in malaria endemic area of Sundargarh District in Orissa, India. The study district has distinct geographical characteristics, vector prevalence and varied susceptibility status to insecticides. The present study was conducted in an area where synthetic pyrethroids (SP) were continuously in use for three or more years for indoor residual spraying. The change-over of insecticide from SP to DDT was undertaken in one arm of the study, whereas, the other two arms were kept under SP and insecticide treated nets (ITN)/long-lasting insecticidal nets (LN), respectively. The longitudinal entomological and parasitological monitoring was carried out to see the impact of change-over of insecticide in comparison to synthetic pyrethroid and ITN/LNs.

Material & Methods {#sec1-1}
==================

*Study area*: The state of Orissa in the eastern part of India is endemic for malaria. Although the State constitutes only 4 per cent of the total population of India, it accounts for a quarter of all malaria cases, 41 per cent of *Plasmodium falciparum* cases and 18 per cent of all reported deaths due to malaria in the country[@ref6]. The trial was conducted in 3 sub-centres of Laing primary health centre (PHC) located in Rajgangpur block of Sundargarh District. Sundargarh District is located in the Garhjat hills of eastern Deccan plateau between 21°35'N and 22°35'N latitudes, and between 83°32'E and 85°22'E longitudes, at an altitude in the range of 200 to 900 m above sea level. Topographically, the area presents ideal ecological conditions for malaria transmission with undulating uplands intersected by forested hills, rocky streams, and paddy fields. The area is characterized by a tropical humid climate and receives rainfall between June and September from the 'southwest monsoon' and in December and January from the 'northeast monsoon'. Average annual rainfall ranges between 160-200 cm and mean annual temperature ranges between 22 to 27°C. The maximum temperature during summer rises to 40-45°C and the minimum temperature during winter falls to 5-10°C. About 40 per cent of the area is covered with forests and is inhabited predominantly by ethnic tribal communities with poor socio-economic status, who constitute 62 per cent of the total population.

Malaria transmission in Laing PHC area is perennial, which peaks during the post-monsoon months of October to December. *P. falciparum* accounts for more than 80 per cent of malaria cases (unpublished NVBDCP data, District Malaria Officer, Sundargarh District, Orissa). The area is under the influence of two primary malaria vector species *An. culicifacies* and *An. fluviatilis*, the former breeds in ponds, pools and rice fields, whereas the later breeds exclusively in slow running streams. *An. culicifacies* is a predominant species whereas, *An. fluviatilis* is prevalent at low density throughout the year except during hot dry months of May and June, but it is an efficient vector even at low densities as indicated by its high entomological inoculation rate. The peak malaria transmission season coincides with the peak prevalence of *An. fluviatilis*[@ref7].

Based on past history of indoor residual spray and epidemiological data, three sub-centres were selected for the present study ([Table I](#T1){ref-type="table"}). The study villages in Jaraikela and Buchukupara sub-centres were covered with two rounds of indoor residual spray with synthetic pyrethroid alphacypermethrin (ACM, Fendona™ 5%) @ 25 mg/m^2^ during 2006-2008 as per routine vector control measures undertaken by National Vector Borne Disease Control Programme (NVBDCP). However, these study villages were not covered under government sponsored ITN programme. The third sub-centre Malidihi consisting of seven villages was under ITNs treated with deltamethrin @ 25mg/m^2^ and factory treated long-lasting insecticidal nets (PermaNets™-2.0) coated with deltamethrin @ 55mg/m^2^. The District Malaria Officer Sundargarh was requested to exclude the study villages for vector control activities for the duration of the present trial. However, active case detection through fortnightly fever surveillance was continued under primary health care system.

###### 

Details of three sub-centres under Laing PHC of Sundargarh District selected for the study
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*Insecticide susceptibility status of malaria vectors*: Insecticide susceptibility status of wild caught malaria vectors *An. culicifacies* and *An. fluviatilis* against DDT (4.0%), malathion (5%) and alphacypermethrin (0.1%) was determined as per standard procedure[@ref8]. The field collected mosquitoes were exposed for one hour to insecticide impregnated papers using WHO adult susceptibility kit. The mosquitoes were kept in the recovery tubes for 24 h and mortality was recorded. In test replicates where mortality in the control tubes was more than 5 per cent, the mortality of the exposed mosquitoes was corrected using Abbott\'s formula[@ref9].

*Indoor residual spraying*: A three arm study design was prepared as *(i)* two rounds of indoor residual spraying (IRS) with DDT 1 g/m^2^ as a change-over insecticide in areas previously under synthetic pyrethroids, *(ii)* two rounds of IRS with available synthetic pyrethroid (alphacypermethrin) @ 25 mg/m^2^, and *(iii)* an unsprayed area under ITN/LNs. Based on the information on past spray history of sub-centres, it was decided that villages under sub-centre Buchukupara, which were continuously under indoor residual spray with synthetic pyrethroids for the last three years (2006-2008) or more, should be sprayed with DDT as a change-over insecticide to see impact on vector density and malaria transmission. Similarly, the villages under sub-centre Jaraikela qualified for the application of synthetic pyrethroid for indoor residual spraying. The third sub-centre Malidihi, which was under conventionally treated insecticidal nets (ITNs) or long-lasting insecticidal nets (LNs) was kept as third arm of the study without indoor residual spray ([Table II](#T2){ref-type="table"}).

###### 

Details of indoor residual spraying undertaken in the study area
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For indoor residual spraying, the services of a non-governmental organization (NGO)- Regional Rural Development Centre (RRDC) based in Rajagangpur block were availed because they had experience of conducting indoor residual spraying (IRS) operations under primary health care system. The stirrup pumps in good working conditions were provided by District Malaria Officer (DMO), Sundargarh. The experienced spraymen engaged by the NGO were given hands on training for proper spraying and were provided with protective gears (hand gloves, goggles and masks) by the study team. DDT 50 per cent WP for the first and second round of IRS was supplied by DMO Sundargarh and alphacypermethrin 5 per cent WP (FENDONA™)for the first round was supplied gratis by BASF India Ltd., and for second round, alphacypermethrin 5 per cent WP (Fendona™) was supplied by DMO Sundargarh. The first and second rounds of IRS were completed between 25 November to 10 December 2009 and 2-17 May 2010, respectively under the close supervision of study team from National Institute of Malaria Research, Field Station, Rourkela.

*Contact bioassays*: To determine persistence of insecticides on local surfaces, contact (cone) bioassays using the standard WHO procedure was conducted[@ref10]. Main local surfaces *viz*., mud-walls and wood surfaces were used for bioassays. Bioassays were carried out on day 1, and then once every month. Wild mosquitoes were used in the contact bioassays because of their susceptibility status determined during baseline studies. Wild caught fully fed *An. culicifacies* from an unsprayed area were used in five replicates of 10 mosquitoes for each surface. Locations on the surfaces were marked soon after the spraying and bioassays were carried out each time on those fixed spots only. Co-operation of the householders was sought not to disturb, mud-plaster or mutilate these sites until completion of the evaluation. For bioassays, the cones were fixed on the surfaces and 10 mosquitoes were released gently in each of the cones. Mosquitoes were exposed for 30 min on the sprayed surfaces and knockdown time was also recorded intermittently (in SP sprayed area) as recommended by WHO[@ref11]. After 30 min of exposure to the sprayed surface, mortality was recorded and the mosquitoes were removed gently from the cones and kept in plastic cups with a net on the rim. Mosquitoes were provided with cotton-wool moistened with 10 per cent glucose solution. Mortality in mosquitoes was recorded 24 h post-exposure. Contact bioassays with *An. fluviatilis* were not done because of insufficient mosquitoes due to seasonality of prevalence of this species.

*Mosquito densities*: Adult mosquito densities were measured in four fixed houses and four houses selected randomly each in sentinel villages of all the three sub-centres. The indoor resting mosquito collections were made every month in the morning between 0600-0900 h in the fixed and random houses for 15 min in each dwelling with the help of suction tubes using flashlights. The mosquitoes were brought to laboratory in cloth cages, identified and kept under observations for 24 h under optimal conditions. The mean monthly density of indoor-resting mosquitoes was calculated as person-hour density. The spray sheet collections were not done because most of the houses have open eves all around.

*Malaria incidence*: All the study areas were kept under routine fortnightly domiciliary malaria surveillance with the help of health workers and Accredited Social and Health activists (ASHA) working under primary health care system. The surveillance data were collected village-wise for all the three sub-centres from Laing PHC. In addition to routine parasitological data from PHC, rapid fever surveys were also conducted with the help of local health workers to measure the incidence rate in three clusters of the study area.

*Statistical analysis*: Data were entered into an excel spreadsheet by month and village. The reduction in slide positivity rate (SPR) was calculated by subtracting post-intervention SPR from baseline SPR and dividing by the baseline SPR. The incidence rate was calculated using STATA (version 11; StataCorp LP, Texas, USA). Poisson regression for each intervention group was used to account for variation in case counts. Cases were the outcome variable and intervention was the main exposure. Monthly blood examination rate (MBER) was considered a confounder and adjusted for in the model, as a higher MBER would increase the number of cases detected independent of any intervention. Ratios of the incidence rate were calculated to determine the proportional reduction of malaria incidence in each group.

Results {#sec1-2}
=======

The results of the insecticide susceptibility test revealed that *An. culicifacies* was resistant to DDT but susceptible to malathion and alphacypermethrin. However, *An. fluviatilis* was susceptible to all the three insecticides.

*Persistence of insecticide on sprayed surfaces*: The results showed that ACM on both the sprayed surfaces was effective in killing the vector mosquito *An. culicifacies* and maintained effective bioefficacy ranging from 92 to 100 per cent up to five months. However, DDT failed to achieve effective mortality in *An.culicifacies*. The mortality ranged between 12-18 per cent during different months after indoor spraying ([Table III](#T3){ref-type="table"}).

###### 

Results of persistence of insecticide on different surfaces sprayed with insecticide: per cent mortality of *An. culicifacies*
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*Impact on vector density*: The first round of spray with ACM and DDT resulted in significant decline in the density of *An. culicifacies* in comparison to ITNs/LNs ([Fig. 1](#F1){ref-type="fig"}). The density of malaria vector was almost nil in the houses sprayed with ACM. However, after the second round of spray, there was marginal increase in the vector density in ACM and DDT areas. The increase in vector density was also observed in the ITN/LN area.

![Density of *An. culicifacies* in houses sprayed with alphacypermethrin (ACM), DDT and houses with ITN/LNs during intervention period. First round of IRS was carried out in November-December 2009 and second in May 2010.](IJMR-135-382-g004){#F1}

*Impact on malaria incidence*: The malaria incidence data for the three study sub-centres were collected from Laing PHC and analyzed to determine the impact of each intervention. The slide positivity rate (SPR) during pre-intervention period in ACM, DDT and ITN/LNs area was 5.3, 4.7 and 4.4, respectively and there was no significant difference between the three areas. ACM and DDT areas prior to change over of insecticide were under synthetic pyrethroid (SP) for the last three years though with different coverage and quality. The change-over of insecticide from SP to DDT was undertaken in Buchukupara sub-centre. After intervention, the SPR was dropped to 2.1, 2.5 and 2.2, respectively and there was 61 per cent reduction in the slide positivity rate in ACM area in comparison to 48 and 51 per cent reduction in DDT and ITN/LNs areas, respectively ([Table IV](#T4){ref-type="table"}). The adjusted incidence rate of malaria cases per 1000 population per year in three study areas before intervention under ACM, DDT and ITN/LNs was 7.6, 10.1 and 5.8, respectively, and significant declines were observed within each group ([Table IV](#T4){ref-type="table"}). During intervention, involving change-over of insecticide from SP to DDT in one study area and distribution of long-lasting nets in ITN area during January 2010 and closely supervised IRS, there was decline in crude malaria incidence (*P*\<0.01) in all the three study arms ([Fig. 2](#F2){ref-type="fig"}).

###### 

Comparison of malaria indices in three study areas before and after intervention using routine health system data
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![Comparison of crude malaria incidence (number of cases/1000 population/year) in three study areas during pre-intervention and intervention period. A significant decline was observed in all the three areas (*P*\<0.01).](IJMR-135-382-g006){#F2}

Discussion {#sec1-3}
==========

Vector control programme in India relies mostly on indoor residual spraying with DDT. The spectacular success achieved in malaria control between 1958 and 1965 was mainly attributed to DDT. However, this achievement was short-lived and soon after malaria resurgence took place. One of the technical reasons for resurgence was development of DDT resistance in primary malaria vector *An. culicifacies*. However, DDT continued to be used in larger areas of the country because of its cost effectiveness over organophosphorous insecticides and synthetic pyrethroids and also the availability of limited arsenal of insecticides and formulations recommended by WHO Pesticide Evaluation Scheme (WHOPES)[@ref12].

The baseline studies showed that *An. culicifacies* was resistant to DDT, whereas *An. fluviatilis* was susceptible to all the insecticides. The susceptibility status of the later species has not changed over a period of time in spite of the fact that majority of the population are endophilic and endophagic[@ref13]. In Malkangiri and Koraput districts of Orissa, DDT spraying is an effective tool for controlling *An. fluviatilis*-transmitted malaria though the species is exophilic but its nocturnal resting behaviour facilitates its contact with the sprayed surface[@ref14]. The results of the cone bioassays on sprayed surfaces revealed that SP was able to achieve significant mortality in the vector species, whereas bioefficacy of DDT was minimal against *An.culicifacies* represented by two sibling species B (non vector) and C (vector) in the relative proportion of 62 and 38 per cent respectively in the study area[@ref7]. The marginal increase in the vector density after second round of IRS in both SP and DDT areas was due to onset of monsoon and availability of large numbers of breeding habitats in the study villages. The differential behavioural response of each sibling species to DDT has been documented to produce epidemiological impact on transmission, although it may not be apparent by monitoring of the adult population[@ref15].

The impact of the different interventions varied according to the outcome indicator used. Examining the crude incidence in the pre-intervention period and post-intervention follow up between the groups suggested the greatest reduction in DDT sprayed areas, followed by SP, and with minimal effect of ITNs/LNs. However, the dramatic decline in the DDT area, because of a higher pre-intervention incidence of malaria, may be attributable to differences in case detection evident by a monthly blood examination rate almost two times higher. Therefore, in terms of the reduction of the slide positivity rate, SP spray was the most effective followed by similar impact in the DDT and bednet groups. Similar results to the difference in SPR were obtained when analyzing the incidence rate adjusted for differences in blood examination between the groups. Overall, with the exception of the crude incidence outcome, all groups were effective in controlling malaria with similar impact (41-61% reduction). This suggests that proper supervised IRS operations or net distribution coupled with high coverage will bring about reduction in malaria transmission.

There are several methods on the strategic use of available insecticides to delay the onset of resistance[@ref16][@ref17]. In a comparative study on insecticide rotations, mosaics and single use of insecticides in Mexico, the pyrethroid resistance increased markedly in the mosquito populations in all villages, irrespective of insecticide treatment strategy, but was still less in areas under rotation and mosaic treatments compared to single use of insecticide[@ref18]. However, combination of insecticides and rotation are said to be associated with increased frequency of side effects in the community, which is a limitation for the use of these type of resistance management strategy in public health[@ref19]. The monitoring of insecticide resistance in local vectors in space and time is also important for planning sustainable large scale insecticide based malaria vector control based on change-over of insecticide over time. The change-over from pyrethroid to carbamate to DDT over a period of time has been successfully implemented in Mozambique to overcome the problem of insecticide resistance[@ref20].

The present study revealed that change-over of insecticide from SP to DDT brought about the same impact as envisaged from continuing SP spray or distributing ITNs/LNs. In the present study, internal and external validity of the quality assurance was done through a combined efforts of NGO-district malaria office and technical experts of NIMR, respectively to ensure strict compliance to the protocol and data generation. The synthetic pyrethroids should not be used continuously in the public health programmes because of possibility of developing resistance in the malaria vectors, therefore, it is logical to adopt principle of rotation/change-over of insecticide in order to prolong the effective life of the insecticides for sustainable vector control. The present study area was under the impact of two primary vectors *An. culicifacies* and *An. fluviatilis*, which complement each other in maintaining persistent transmission though the malaria peak occurs mainly because of *An. fluviatilis* because of its high anthropophagic behaviour and entomological inoculation rate (EIR)[@ref6]. The susceptibility of this primary vector species to all the insecticides was an operational advantage for the change-over of insecticide. Therefore, in such settings where one or more primary vector is susceptible to SP or DDT, the change-over of insecticide either from SP to DDT or vice versa is recommended. Thus, in order to sustain the effectiveness of insecticide based vector control, there is a need to undertake systematic evaluation of the impact of rotation/change-over of insecticide for IRS on malaria transmission in different epidemiological settings.
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